Carbon nanotubes (CNTs) and graphene have attracted a great deal of interest due to their outstanding mechanical, optical, electrical, and structural properties. Most of the scientists and researchers have investigated the optical and electrical properties of these materials. However, due to unique electromechanical properties of these materials, it is required to explore the piezoresistive properties of bulk nanostructured CNTs, graphene, and CNT-graphene composites. We investigated and compared the sensitivities and piezoresistive properties of sandwich-type pure CNT, pure graphene, and CNT-graphene composite pressure sensors. For all the samples, increase in pressure from 0 to 0.183 kNm −2 results in a decrease in the impedance and direct current (DC) resistance. Sensitivity and percentage decrease in resistance and impedance of CNT-graphene composite were lower than pure CNT while being higher than pure graphene based sample. Moreover, under the same external applied pressure, the sensitivity and percentage decrease in impedance for pure CNT, pure graphene, and CNT-graphene composite were smaller than the corresponding sensitivity and percentage decrease in resistance. The achieved experimental results of the composite sample were compared with simulated results which exhibit reasonable agreement with each other. The deviations of simulated resistance-pressure and impedancepressure curves from experimental graphs were 0.029% and 0.105%, respectively.
Introduction
The concept of nanomaterials was presented by Herbert Gleiter for the first time over 20 years back. Since then, research interest in the field of nanostructured materials has grown rapidly. The unusual properties, potential applications, and scientific and technological importance of these materials lead them to the current advancement in the sensing technology [1, 2] . Carbon nanotubes (CNTs) and graphene are the two most important representatives of the nanostructural materials [3] . Its density is six times lower than steel. The tensile strength and elasticity of carbon nanotubes (CNTs) are hundred and five times higher than steel, respectively [4] . On the other hand, graphene can withstand with a strain up to 20% and its Young's modulus is almost six hundred and thousand times higher than semiconductors and metals, respectively [5, 6] .
These unique electromechanical properties have made CNTs and graphene the most suitable materials for pressure sensing technology. Therefore, CNTs and graphene have been employed in various electronic devices such as pressure sensors, gas sensor, displacement sensors, strain sensors, temperature sensors, humidity sensors, solar cells, and chemical sensors [7] [8] [9] . Pressure sensor is one of the promising sensing elements in the sensing technology. Pressure sensing elements can be used in touch screen devices, automotive industry, aviation, biomedical measurements, and so forth. [10] . Most of the pressure sensors are fabricated on the base of inductive, capacitive, and piezoresistive phenomena that can be employed to control and monitor the pressure in various practical applications [11] . Capacitive pressure sensors show somewhat nonlinear behavior to the input stimuli. Inductive pressure sensors are required complex fabrication techniques because it is difficult to bring the materials into coil shape. Journal of Nanomaterials Also, leakage of the induced e.m.f. and magnetic flux in the inductive pressure sensors can affect the neighborhood circuitry. Hence, it is difficult to get an accurate response of the inductive pressure sensors. Piezoresistive pressure sensors exhibit outstanding promise for real time applications because of its easy fabrication process, easy signal collection, low cost, and simple device structure [12] . Therefore, a large number of CNTs, graphene, and its composite-based piezoresistive sensing elements have been investigated. Li et al. [13] enhanced the mechanical and piezoresistive properties of graphene by preparing graphene/CNTs hybrid foam (GCFs) by facile self-assembly process. Sahatiya and Badhulika [14] patterned MWCNTs on pencil eraser to develop skin like strain and pressure sensor. The sensitivity and gauge factor of the sensor were 0.135 Mpa −1 and 2.4, respectively. Yao et al. demonstrated a high sensitive flexible piezoresistive pressure sensor based on micropatterned films with the layer of carbon nanotubes. The fabricated sensor was applied to measure the pressure of fluid in a curved shaped microtube [15] . Flexible resistive tensile MWCNTs/rubber load sensors were fabricated and investigated by Karimov et al. As the force was increased up to 0.045 N, a 1.37-time average increase in the resistance of the sensors was observed [16] . Khan et al. [17] fabricated and characterized a CNT-VO 2 (3fl) composite piezoresistive pressure sensor. A decrease in the sensor resistance with increase in external uniaxial pressure up to 50 kNm −2 was observed. Karimov et al. [10] reported CNT-Cu 2 O composite-based piezoresistive pressure sensor, and a 3.3-fold decrement in DC resistance of the sensor was noted as the pressure increased up to 37 kNm −2 . Xue and Cui [18] fabricated SWNT thin-film transistors on plastic substrates and reported that, with increase in bending of the elastic substrate, the decrement in the resistance of the SWNT thin film was 10 times greater than silicon. Grow et al. [19] investigated piezoresistance of CNTs on deformable thin-film silicon nitride membranes. The maximum gauge factor (Δ / ) in silicon was 200, while for SGS and semiconducting tubes it was 850 and 400, respectively. Similarly, a large number of graphene-based pressure sensors have been fabricated and investigated [12, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] .
To the best of our knowledge, no sandwich-type piezoresistive pressure sensor based on bulk nanostructured CNT, graphene, and CNT-graphene composite is reported to date. CNT-graphene composites may take the benefits of outstanding features of both the CNTs and graphene, such as low weight, high strength, large flexibility, high fracture toughness, and especially high gauge factor that may have a good impact in the field of pressure sensing technology. From practical point of view, it will be useful to investigate the resistance-pressure relationships to deepen the knowledge about the physical, electrical, and electromechanical properties of the CNTs, graphene, and its composites.
In this work, instead of focusing on the internal complex structures of CNT and graphene, we explored a novel approach to fabricate sandwich-type pure CNT, pure graphene, and CNTs-graphene composite-based piezoresistive pressure sensors. The term "sandwich-type" is used in the sense that both sides of samples were painted with silver paste (Ag/CNT/Ag, Ag/graphene/Ag, Ag/CNT-graphene/Ag) to provide low resistance electrical contacts. The sensitivities and piezoresistive properties of these sensors were investigated and compared. We believe that this approach will further enhance the practical applications of CNTs, graphene, and its composites in the field of nanomaterial based pressure sensors and other electronic devices.
Materials and Experimental Details
2.1. Materials. Graphene and multiwalled carbon nanotubes (MWCNTs) powders were commercially purchased from Sun nanotech Co, Ltd. China. According to the supplier, thickness range and area size of the graphene are 5-20 nm and 10 × 10 m, respectively. The length and diameter range of multiwalled carbon nanotubes (MWCNTs) are 1-10 m and 10-35 nm, respectively. The purity of MWCNTs is higher than 90%. No further purification was done in the materials. These materials were used for the sample's fabrication as received.
Sample Preparation.
Electronic analytical balance (model: ALS 220-4, weighing range (max): 220 g, readability (d): 0.1 mg, reproducibility: 0.2 mg, linearity: ±0.2 mg) was used to measure the material amount. Initially, the balance was set to zero by pressing the TARE key and then the materials were weighed accurately. CNT (50 wt.%) and graphene (50 wt.%) powder were blended very carefully by utilizing mortar and pestle to make the composite.
A thick walled stainless steel cylinder, stainless steel movable piston, and well fitted stainless steel plunger were utilized to make the samples. The inner diameter of the cylinder was 15 mm, while the outer diameter of each of the movable piston and plunger was 14.9 mm as shown in Figure 1 . The bottom of the cylinder was closed by stainless steel movable piston. The blend of the materials was poured into the cylinder from the top. The top of the thick walled stainless steel cylinder was closed by a plunger that was allowed to move down in the cylinder.
To make a durable sample, the material composite within the cylinder was pressed at a pressure of 353 MPa by using hydraulic press. The pellet with diameter of 15 mm and thickness of 1.5 mm was then ejected from the cylinder as shown in Figure 2. 
Measurements and Setup.
To provide low resistance electric contacts, both sides of the pressed tablets were covered by silver paste as shown in Figure 3 .
Schematic diagram of Ag/sample/Ag, placed on aluminum support with external uniaxial applied pressure is shown in Figure 4 . Silver paste (Ag) is assumed as a part of the pellet and has not been shown in the Figure 4 . The aluminum foils are used to act as leads and to avoid scratches on the sample as well. Figure 5 shows the installment of the sample in experimental setup to investigate its piezoresistive properties. The experimental setup contained the metallic support (a), aluminum support (b), pressure sensitive sensor (pure CNT, pure graphene, and CNT-graphene composite (c)), terminals (d), weight holder (e), and weight (f).
The corresponding conceptual schematic of experimental setup ( Figure 5 ) is depicted in Figure 6 . It can be seen from Figure 6 that the piezoresistive pressure element has been placed on aluminum support. The terminals (Al foils) of the sample were connected with the test clips of the MT 4090 LCR Meter. The change in DC resistance of the sensor was noted from the display readings of the MT 4090 LCR Meter. The basic accuracy, ultimate resolution, and measurement range of MT 4090 LCR Meter were 0.2%, 0.001 Ω, and 0.0 Ω to 500 MΩ, respectively.
The pressure value was changed by variation in the weights holding by the weight holder. Weight and weight holder are the major elements of the experimental setup utilized from the typical Cantilever Flexure Frame (Flexor) laboratory setup.
Results and Discussion

Scanning Electron Microscopy.
The surface morphology of pure CNT, pure graphene, and CNT-graphene compositebased pellets was examined by scanning electron microscope (SEM, model: JSM 5910, energy: 30 kV, magnification (max): 300,000x, resolution power (max): 2.3 nm, manufacturer:
JEOL, Japan). The SEM images of pure CNT, pure graphene, and CNT-graphene composite-based pellets are shown in sensing technology. Figure 7 (b) reveals that the rough surface of pure graphene-based sample contains higher porosity and dislocations (green arrows) as compared to the pure CNTbased sample (Figure 7(a) ). The higher porosity and dislocations in graphene-based sample cause a higher resistance and hence smaller conductivity than pure CNT-based sample (see Section 3.2). Furthermore, graphene nanosheets seem to be densified under the external applied pressure. It can be seen from Figure 7 (b) that most of the graphene nanosheets are aligned parallel to each other, which increases the capacitive effect in the sample. The higher capacitance effect leads to smaller impedance ( ) of the graphene sample. Therefore, the impedance ( ) of graphene-based sample is lower than the other two samples (see Sections 3.3 and 3.4). It can be observed from Figure 7 (c) that CNTs and graphene are not uniformly distributed throughout the composite. Multiple contacts between CNTs and graphene particles can be seen in Figure 7 (c). The dimensions of graphene nanoparticles seem to be larger than the dimensions of CNTs nanoparticles. The smaller particle size of CNTs reduces the amount of porosity and dislocations which make the CNTgraphene composite sample more uniform as compared to the pure graphene-based sensor (see Section 3.2).
Resistance-Pressure Relationships.
The resistance-pressure relationships for pure CNT and pure graphene-based pressure sensors are shown in Figure 8 . It can be seen from Figure 8 that as the external uniaxial pressure increases from 0 kNm −2 to 0.183 kNm −2 , the DC resistances of the pure CNT (Figure 8(a) ) and pure graphene (Figure 8(b) ) pressure sensors decrease from 1.5 kΩ to 0.3 kΩ and from 65 kΩ to 24 kΩ, respectively. This shows 80% and 63.24% decrease in DC resistance for CNT and graphene-based samples, respectively. Thickness of the fabricated sample is a significant factor which affects the overall performance of the sample and has an impact on the resistivity and conductivity of the composite materials [31] . Therefore, it is very important to point out the sample thickness dependence on the external applied pressure. Smaller pressure required to compress and deform the thinner sample and vice versa [32] . Even under a smaller external applied pressure, large increase in charge carrier's concentration may completely fill the localized energy states present between the HOMO-LUMO levels which may lead to larger electrical conductivity and hence smaller resistance of the samples [33] . Furthermore, the external uniaxial applied pressure can be equally transferred to every place throughout the thinner samples. Therefore, under the same external applied pressure, this effect increases the mean coordination number, which leads to a more decrease in the resistance of the thinner sample than the thicker one [34] .
Resistance-pressure relationship for the CNT-graphene composite-based pressure sensor is shown in Figure 9 . It can be observed from Figure 9 that the DC resistance of the CNT-graphene composite-based pressure sensor decreases by 70.32% as the pressure increases from 0 to 0.183 kNm −2 . The decrease in resistivity and hence increase in conductivity in the observed resistance-pressure relationship are most probably due to squeezing and densification of CNTs and graphene nanopowder particles under the pressure effect [10] . The decrease percentage in resistance can be computed by the following equation [35] :
CNT-graphene composite sample where is the initial resistance at 0 kNm −2 and is the resistance of the sample at maximum pressure (0.183 kNm −2 ). The sensor's resistance ( ) can be calculated as [10] 
where is the interelectrode distance or thickness of the pressed pellet, is the cross-sectional of pellet, and is the resistivity ( = 1/ , is the conductivity) of the pellet. The total changes in the resistivity of the material due to both the fractional change in resistivity (Δ / ) and geometric effects (1 + 2 ) can be expressed as [36] 
In nanomaterials, the change in resistivity is large enough as compared to the geometrical parameters; hence the geometrical factor is often negligible and the change in the resistivity is dominated in this case [7] . The conductivity mechanism in pure CNT, pure graphene, and CNT-graphene composite-based pressure sensors (2) can be assumed as hopping charge transport between specially separated sites in which charges hop out from one localized state to another to contribute to conductivity [10, 17] . The charge transport mechanism in this random geometry can be described by percolation theory. Percolation theory is widely used in bulk heterojunction systems, conductive polymers, and the composites of nanomaterials because the charge transport mechanism in these materials is based on hopping phenomena [37] .
According to the percolation theory, the average conductivity ( ) of pure CNT, pure graphene, and CNT-graphene composite can be calculated using the following expression [7, 38] :
where is the characteristic length and depends on the concentration of the localized states and is path resistance between sites with the lower average resistance. When external uniaxial pressure increases, the pellets are squeezed between the Al foils (Figures 4-6 ). This causes a decrease in and , which, in turn, increases the conductivity and hence decreases the resistance of the sensors. This can also be explained as the conduction in disordered nanomaterials limited by the trap states of high potential barrier which exists below the localized states. The trap effect is minimized by filling the trap regions due to increase in the charge carrier's concentration under the squeezing effect that causes an increase in the conductivity and hence decrease in the resistance of the sample [17] .
Change in resistance of the sample affects the sensitivity of the sample as well. Large percentage change in resistance increases the sensitivity of the sample.
The sensitivity ( ) of all the samples can be calculated as [39] 
where Δ shows the change in the external uniaxial pressure, denotes the initial resistance at pressure 0 kNm −2 , and Δ is the variation in the DC resistance. The sensitivities of pure CNT (Figure 8(a) ), pure graphene (Figure 8(b) ), and CNTgraphene composite ( Figure 9 ) samples were 4.37, 3.44, and 3.82 m 2 /kN, respectively. Sensitivity and decrease percentage in the DC resistance for pure CNT, pure graphene, and CNT-graphene compositebased pressure sensors are reported in Table 1 . It can be seen from Table 1 that under the same external applied pressure, the decrease percentage in resistance ( ) and sensitivity ( ) for the pure graphene-based pressure sensor is lower than the other two samples. This can be attributed to two factors: (1) higher structural strength and (2) large particle size. The structural strength of graphene is higher than carbon nanotubes [40] .
Under the same external applied pressure, higher structural strength causes smaller deformation in pure graphene sample than the other two samples. This smaller deformation in pure graphene sample leads to a smaller effect on the HOMO-LUMO band-gap of the material, which, in turn, leads to a smaller decrease in the resistance of the sample. Large particle size causes a lower surface area-to-volume ratio, which, in turn, decreases the reactivity of a material to external stimuli [2] . Moreover, large particles sizes of material decrease uniformity and increase dislocations, porosity, and other defects in the material [1] . Most of the carbon nanotubes currently available in the open literature have smaller surface area (100-850 m 2 g −1 ) than graphene surface area (up to 2675 m 2 g −1 ) [41, 42] . The large size of graphene nanosheets results in a greater amount of dislocations, porosity, and other defects as compared to carbon nanotubes [1] . Most of the external applied pressure can be absorbed by the dislocations, porosity, and other defects in graphene nanopowder. Therefore, the sensitivity ( ) and decrease percentage in resistance of pure graphene-based pressure sensor are lower than the pure CNT-based sample (Table 1 ). In case of CNTgraphene composite pressure sensor, it can be assumed that CNTs make the composite more responsive to the external stimuli (pressure in our case) by increasing the uniformity. Therefore, sensitivity and decrease percentage in resistance of the CNT-graphene composite sample are higher than pure graphene but smaller than pure CNT-based sample. The incorporation of CNTs into graphene increases the uniformity and decreases dislocations, porosity, and other defects in graphene nanopowder, which, in turn, decreases the resistance and hence increases the conductivity of the material. Therefore, CNTs can be considered as an excellent filler to reduce the resistivity and enhance the conductivity of graphene nanopowder.
Relative Resistance-Pressure Relationship.
The relative resistance-pressure relationships for pure CNT, pure graphene, and CNT-graphene composite are shown in Figure 10 .
The characteristic curves of pure CNT, pure graphene, and their composite ( Figure 10 ) significantly differ from each other due to their very different aspect ratio. The sensors show a significant decrease in DC resistance as the pressure increases from 0 to 0.183 kNm −2 ; however, the effect is more pronounced in pure CNT-based sensor than the other two. It can be observed from Figure 10 that the pure CNT-based pressure sensor has aggressive slope when the pressure increases from 0 to 0.069 kNm −2 . At a pressure level of 0.069 kNm −2 , CNT-based pressure sensor reaches its operating limit (saturation) and is almost no longer responsive even when the input stimulus (pressure) is increased beyond this level. Resistance-pressure relationship curve ( Figure 10 ) for pure graphene-based pressure sensor is more uniform than pure CNT-based sensor. Surprisingly, CNT-graphene composite-based pressure sensor shows less aggressive slope to the external uniaxial applied pressure than the other two sensors. The composite-based pressure sensor relative resistance-pressure characteristic exhibits quasilinear behavior (Figure 10 ) that can be linearized by using nonlinear operational-amplifiers for practical applications of the sensors [43] . 
Experimental versus Simulation.
A mathematical formula, which forms a basis for operation of the sensor, can be used to compute the transfer function of the sensor. However, if a solvable formula for the transfer function of a complex sensor does not exist, then one can apply a number of approximations for the transfer function of the sensor. The purpose of the approximation is to fit the observed experimental data with the calculated values of the approximation function. The most important approximations used for the transfer function of the sensors are linear, exponential, and polynomial regression approximation [44] . If none of the linear and exponential approximations are fitting the experimental data well. Then the suitable approximation is polynomial regression model. Unfortunately, this model does not provide enough information about the internal structure and properties of the materials. However, it provides a best fit to the experimental data ( Figure 9 ). If higher accuracy is required, then higher order polynomials can be considered [44] . However, in our case, 3rd order polynomial regression model (6) gives acceptable range of accuracy and a best fit to the experimental data ( Figure 9 ) as shown in Figure 11 . (Figure 9 ) and simulation (7) for CNT-graphene composite sample.
The selected approximation function (6) is then transferred to the relative values (7). The fitting parameters 1 , 2 , and 3 (pressure factors) are used to calculate the resistance at various pressure levels. The mathematical model used in the simulation is a polynomial regression model that can be expressed as follows [44] :
In our case, (6) can be written in the following form:
where is the pressure, 1 , 2 , and 3 are the fitting parameters or pressure factors, is the intercept, and and are the resistances of the pellets at initial state and under pressure. (Figure 9 ) and simulated results (7) have excellent agreement with each other as shown in Figure 11 . The simulated resistance-pressure curve deviates by only 0.029% from the experimental resistance-pressure graph. The deviation of experimental data from simulation can be calculated as [45] % deviation = Theoritical data − Experimental data Theoritical data * 100.
3.3. Impedance-Pressure Relationships. Impedance-pressure relationships for pure CNT and pure graphene-based pressure sensors at 1 kHz are shown in Figure 12 .
It can be observed from Figure 12 that as the pressure increases from 0 to 0.183 kNm −2 , the impedance of pure CNT (Figure 12(a) ) and that of pure graphene (Figure 12(b) ) pressure sensors decrease by 72.85% and 48.33%, respectively. The impedance of the sample is assumed as parallel connected resistor and capacitor. The equivalent circuit diagram shown in Figure 13 seems to be valid for the sample.
The charge carrier transport occurs through the nanoparticles (resistors) and micropores (capacitors). The impedance ( ) of the equivalent RC circuit of the sample can be calculated using the following equation [46, 47] :
where is the frequency, is the admittance, and and represents the resistance and capacitance of the sample, respectively. The capacitance-pressure relationship [11] shows increase in capacitance with increase in pressure. However, in our case, it can be seen that both the resistance and impedance decrease with increase in pressure. The variation in impedance occurs in the same fashion as the variation in the resistance of the sensor. Therefore, it can be concluded that the impedance is more dominated by the resistance effect than the corresponding capacitance effect.
The impedance-pressure relationship for CNT-graphene composite-based pressure sensor at 1 kHz is shown in Figure 14 .
The impedance of the composite sample decreases by 64.23% with increase in external uniaxial pressure from 0 to 0.183 kNm −2 . For sensitivity computation, the term Δ / in (5) was replaced with Δ / [39] :
The sensitivities of the pure CNT, pure graphene, and CNTgraphene composite samples were 3.98, 2.64, and 3.53 m 2 /kN, respectively. For the same pressure range, decrease percentage in the impedance and corresponding sensitivities for pure CNT, pure graphene, and CNT-graphene composite-based pressure sensors are reported in Table 2 . It can be seen from Table 2 that the sensitivity ( ) and decrease percentage in impedance of the samples is greater in the following order: pure CNT > CNT-graphene composite > pure graphene.
Relative Impedance-Pressure Relationship.
The relative impedance-pressure relationships for the three pellets are shown in Figure 15 , where the values are measured at a frequency of 1 kHz at room temperature.
The behavior of relative impedance-pressure characteristics shown in Figure 15 is similar to that of relative resistancepressure characteristics (Figure 10 ). Therefore, it can be concluded that impedance is more dominated by the resistance effect than the corresponding capacitance effect. Figure 14 ) occurs in the same fashion as the variation in resistance (Figure 9 ) of the sensor. Therefore, for the CNT-graphene composite, / in (7) can be replaced by / [44]: Experimental data ( Figure 14 ) and simulated results (11) have excellent agreement with each other as shown in Figure 16 .
Experimental versus Simulation. The variation in impedance (
The maximum deviation of simulated impedance-pressure graph from experimental curve is 0.105% only. Table 2) for pure CNT, pure graphene, and CNT-graphene composite are smaller than the corresponding values of decrease percentage in resistance (Table 1) . This is due to the additional resistance offered by the reactance (2 ) in the denominator of (9) . Under the same external applied pressure, the decrease percentages in (Table 2) for pure CNT, pure graphene, and CNT-graphene composite are, respectively, 8.9%, 24.57%, and 8.66% smaller than the corresponding decrease percentages in resistances (Table 1) . For graphene sample, the higher reduction in (24.57%) is due to the fact that the impedance of the sample is inversely proportional to the capacitance of the sample (9) ; that is, the value of decreases with the increase in . Also, large plate area causes more charge collection that results in greater capacitance of the capacitor. The surface area of graphene nanosheets (2675 m 2 g −1 ) is larger than the surface area of carbon nanotubes (100-850 m 2 g −1 ) [37, 38] . Therefore, the overall capacitance performance of graphene nanopowder is better than the carbon nanotubes (CNTs). In other words, the capacitance of graphene-based pressure sensor is greater than the capacitance of pure CNT and CNT-composite-based pressure sensors. Therefore, for graphene sample, higher capacitance causes a smaller value of impedance ( ). 
Resistance versus Impedance. The decrease percentage values in impedance (
Conclusion
Pure CNT, pure graphene, and CNT-graphene composite sandwich-type pressure sensors (Ag/CNT/Ag, Ag/graphene/ Ag, Ag/CNT-graphene/Ag) were fabricated in the form of pellets. The sensitivities and piezoresistive properties of the samples were investigated and compared. Decrease in impedance and DC resistance with the increase in pressure was observed for all the samples. As the pressure was increased from 0 to 0.183 kNm −2 , the decrease percentages in DC resistance of the pure CNT, pure graphene, and CNTgraphene composite pressure sensors were 80%, 63.24%, and 70.32%, respectively. The sensitivities based on the resistance change for pure CNT, pure graphene, and CNTgraphene composite samples were 4.37, 3.44, and 3.82 m 2 /kN, respectively. For the same pressure range, the decrease percentages in impedance for pure CNT, pure graphene, and CNT-graphene composite-based sample were 72.85%, 48.33%, and 64.23%, respectively. The sensitivities based on impedance decrease for pure CNT, pure graphene, and CNTgraphene composite samples were 3.98, 2.64, and 3.53 m 2 /kN, respectively. The reasons for the decrease in resistance and impedance of each sample were explored. The simulated resistance-pressure and impedance-pressure relationships for the composite pressure sensor were compared with the experimental data, which exhibit an excellent agreement with each other. For all the samples, it was realized that the behavior of impedance is more dominated by the resistance effect of the pressure sensor than the corresponding capacitance effect. Moreover, the percolation theory was used to explain the conduction mechanism of the sensors. The mechanism of conductivity and the change in resistance of the sensor under the effect of pressure were also discussed.
